The present study investigated the relationship between an interview-based health promotion program and cardiovascular risk factors at manufacturing companies. Excluding insufficient data and the workers who took medication prescribed by a physician in 1993, the subjects were six hundred and twenty-nine 18-55-yr-old employees who had been working at two manufacturing companies in Kyushu from 1993 to 1997. The intervention company introduced an interview-based health promotion program from 1993. The program consisted of health measuring, group education, and health interviewing all employees to help with their behavioral change. We subdivided the subjects into younger (18-34-yr-old) and older (35-55-yr-old) groups. We defined changing degree (∆) with (the following data in 1997) minus (the initial data in 1993). With agreement of the subject companies, we compared the ∆ of each item, including body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), serum total cholesterol (T-cho), serum aspartate aminotransaminase (AST), serum alanine aminotransferase (ALT), and serum gammaglutamyl transpeptidase (GGTP), in the intervention with that in the reference. BMI and SBP decreased significantly after the program in the under 35-yr-old intervention group. On the other hand, Tcho, AST, ALT, and GGTP decreased and HDL increased significantly after the program in the over
In 1988, the Ministry of Labor launched the Total Health Promotion Plan (THP) under the Industrial Safety and Health Law to prevent employees' lifestyle-related diseases such as hypertension, hyperlipidemia, cardiovascular diseases, and cerebrovascular ischemic diseases 1) . THP consisted of five procedures: health measuring, exercise education, health education, psychological consultation, and nutrition education. Health measuring of all employees was carried out along with and the other forms of education were performed for employees with abnormalities detected by health measuring.
In 1996, the Industrial Safety and Health Law stated that occupational health professionals such as occupational physicians and occupational health nurses were to provide health education to the employees with abnormalities detected in annual health check-ups, in order to improve their lifestyles and health status and to prevent lifestyle-related diseases such as cardiovascular diseases and cerebrovascular ischemic diseases 1) . In other countries where worksite health promotion programs have been in existence for a longer period, there have been many studies which evaluated the effects on employees' health such as obesity, smoking, hypertension, and hyperlipidemia [2] [3] [4] [5] [6] . On the other hand, in Japan only several such studies have been conducted [7] [8] [9] [10] . The evaluation of Japanese worksite health promotion programs has grown increasingly important in recent years.
We studied the long-term effectiveness of an interview-based and multi-component worksite health promotion mainly on cardiovascular risk factors such as obesity, hypertension, and hyperlipidemia.
Materials and Methods
After excluding insufficient data (n=246) and the workers who took medication prescribed by a physician in 1993 (n=63), the subjects were six hundred and twentynine 18-55-yr-old employees who had been working at two manufacturing companies in Kyushu from 1993 to 1997. We were able to follow up 310 workers (249 males and 61 females) in the intervention company and 319 workers (258 males and 61 females) in the reference company from 1993 to 1997. An interview-based and multi-component health promotion program was introduced only in the intervention company to prevent cardiovascular diseases. The intervention company was a manufacturing company with about five hundred employees in 1993. The reference company was also a manufacturing company with about four hundred employees in 1993 and located in the same area as the intervention company.
Interventions
The interview-based health promotion program consisted of three components: (1) health interview, (2) health measuring, and (3) group education about health behavior.
In the health interview, carried out within three months after the health check-up, an occupational health nurse interviewed the employees on their lifestyles and workstyles. To help change their behavior or attitude, the focus was on employee-centered approach frequently with open-ended questions frequently and employing less advise-giving. For example, the nurse asked an employee, "What do you think about the result of your health examination?", or "What do you think about selfcare in your lifestyle with reference to result of the health checkup?" The same occupational health nurse conducted the health interview during the period observed.
From 1993 to 1994, the health interview was given to volunteers and employees with abnormalities that had been detected in annual health check-ups. The criteria for abnormality in health check-up data were as follows: 1) BMI>=25 (kg/m 2 ), 2) SBP>=140 (mmHg) or DBP>=90 (mmHg), 3) T-cho>=220 (mg/dl), 4) HDL<40 (mg/dl), 5) AST>=40 (U/l) or ALT>=45 (U/l) or GGTP>=70 (U/l). From 1995, the health interview was extended to all employees in the company (Fig. 1) . The same occupational health nurse interviewed the employees from 1993 to 1996.
Health measuring consisted of measuring circulatory function and motion function such as muscle strength, resilience, agility, and equilibrium 1) . It was one component of the THP and it was given to all employees in the company from 1993 to 1995.
Group education on health behavior including exercise, nutrition, and stress management was given to volunteers for three ninety-minute sessions a year from 1993 to 1996. The participation rates of the group education were between 20% and 27% during the period, as shown in Fig. 1 . On the other hand, in the reference company, an occupational health nurse guided a visit to medical institute for precise examination or drug treatment only for the employees with abnormalities. For example, the nurse would say to an employee, "You have hypertension detected in the health examination. Please visit a hospital and take medication prescribed by a physician." The criteria for the guidance were as follows: 1) SBP>=160 (mmHg) or DBP>=95 (mmHg), 2) T-cho>=240 (mg/dl), 3) AST>=60 (U/l) or ALT>=65 (U/l) or GGTP>=90 (U/l). The same occupational health nurse guided the employees from 1993 to 1996.
Data collection
The Industrial Safety and Health Law states that employers must give all employees an annual health check-up, which includes a working and medical history, a physical examination, an audiogram, a visual acuity test, a blood pressure test, and a chest radiogram, and a blood and serum analysis and an electrocardiogram to employees aged 35 or more than 39 1) . The intervention company carried out a full examination, including a blood and serum analysis for all employees, but the reference company provided a full examination only for those employees aged 35 or over.
We collected health check-up data in 1993 and 1997 with the agreement of the subject companies, but noncomputerized data on employees' lifestyles were not collected during the observed period.
Outcome measures
For under 35-yr-old employees, we used body mass index (BMI), systolic blood pressure (SBP), and diastolic blood pressure (DBP) which were cardiovascular risk factors, as outcome measures.
For employees aged 35 or over, we employed BMI, SBP, DBP, serum total cholesterol (T-cho), and serum high density lipoprotein cholesterol (HDL) which are known as risk factors, as the measures. As additional measures, we used serum aspartate aminotransaminase (AST), serum alanine aminotransferase (ALT), and serum gammaglutamyl transpeptidase (GGTP) which were changed by alcohol consumption [11] [12] [13] . We defined the change in degree (∆) with (the following data in 1997) minus (the initial data in 1993). We compared the ∆ of each item in the intervention with that in the reference.
Statistical Analysis
We subdivided the subjects into younger (18-34 yr old) and older (35-55 yr old) group.
In each group, the data in the intervention in 1993 were compared with those in the reference in 1993 by the ttest. We also compared the abnormality rate of BMI and blood pressure (BP) of the younger intervention group with those of the younger reference group by the chisquare test, and the abnormality rate of BMI, BP, T-cho, HDL, and liver function in the older intervention group with those in the older reference group by the chi-square test. We defined the abnormality rate as the percentage of workers who had need for education on a healthy lifestyle or consultation by a physician as a result of the health check-up data. The criteria for the abnormality rate were as follows:
In both the younger and older group, we subdivided the subjects into the non-treatment group, who took no medication from 1993 to 1997, and the treatment group, who took medication after 1993, and then, in the treatment group, the data for the intervention group in 1993 were compared with those of the reference group in 1993 by the t-test in order to ascertain the effect of drug treatment.
In the younger group, the ∆ for each item in the intervention was compared with that in the reference by the analysis of covariance (ANCOVA) 14) , in which each ∆ was adjusted by DBP because of a significant difference between the mean DBP in the intervention and that in the reference. In both the non-treatment group and the treatment group, we compared the ∆ of each item for the intervention group with that for the reference group by the t-test to discuss the effect of drug treatment.
On the other hand, in the older group, that in the intervention was compared with that in the reference by the ANCOVA, in which each ∆ was adjusted by age, Tcho, and HDL, because of statistical differences between mean age, T-cho, and HDL in the intervention and those in the reference. In both the non-treatment group and the treatment group, we also compared the ∆ of each item in the intervention group with that in the reference group by the t-test to discuss the effect of drug treatment. AST, ALT or GGTP was natural-logarithmically changed into In_AST, In_ALT or In_GGTP, respectively, because of their skew distribution.
The calculations were performed with SPSS 10.0 J. Table 1 shows the characteristics of the younger subject in 1993. Only mean DBP in the intervention was significantly different from that in the reference. The abnormality rates of BMI and BP in the intervention were not different significantly from those in the reference. In the younger treatment group, there were no significant differences between mean BMI, SBP and DBP in the intervention and those in the reference.
Results
On the other hand, in the older group, mean age, BMI, T-cho and HDL in the intervention were statistical different from those in the reference, although the abnormality rates of BMI, BP, T-cho, HDL and liver function in the intervention were not significantly different from those in the reference. The intervention group had higher age, higher BMI, higher T-cho and lower HDL than the reference group. In the older treatment group, the reference group had significantly higher SBP and DBP than the intervention group (Table 2 ). In the younger group, ∆BMI and ∆SBP in the intervention were significantly lower those in the reference. ∆DBP in the intervention did not change significantly, compared with that in the reference. In the non-treatment group, ∆BMI and ∆SBP in the intervention also were significantly lower than those in the reference, whereas, in the treatment group, there was no significant difference between ∆ of each item in the intervention and those in the reference (Table 3) .
Adjusted ∆T-cho, ∆In_AST, ∆In_ALT and ∆In_GGTP in the intervention were significantly lower than those in the reference. Adjusted ∆HDL was significantly higher than that in the reference, but adjusted ∆BMI, ∆SBP and ∆DBP in the intervention were not changed significantly, compared with those in the reference. In the nontreatment group, ∆T-cho, ∆In_AST, ∆In_ALT and ∆In_GGTP in the intervention were significantly lower than those in the reference, but in the treatment group, ∆SBP in the reference was significantly lower than that in the intervention (Table 4) .
Discussion
This study showed the long-term effectiveness of the interview-based and multi-component health promotion program for employees.
Our results showed that, in the intervention younger group, BMI was prevented from increasing and SBP decreased after the introduction of the program, compared with those in the reference. This result was compatible with the other studies, in which a multi-component worksite health promotion program improved cardiovascular risk factors such as BMI, BP, T-cho and triglycerides at Japanese worksites 7, 9) . This was considered reasonable because the health interview created in employees a readiness to change their behavior and the other programs further encouraged them do so 15, 16) . We also found that, in the intervention older group, Tcho decreased and HDL increased significantly, compared those in the reference. The changes in T-cho and HDL corresponded to the previous study 9) , in which T-cho and triglycerides decreased significantly and HDL was likely to increase after a multi-component worksite health promotion program. The improvement in T-cho and HDL would possibly occur due to changes in employees' behavior such as more physical activity and lower alcohol consumption after the program, as both are related to physical activity and alcohol consumption [17] [18] [19] [20] [21] [22] [23] . The improvement in AST, ALT and GGTP had the potential to decrease alcohol consumption in the intervention after the program's introduction because liver enzymes are related to alcohol consumption [11] [12] [13] . This finding supported the improvement in T-cho and HDL through the employees' changed behavior.
We did not find a change in BMI or BP in the older group after the introduction. This finding was compatible with another study which showed that a program of exercise training decreased T-cho significantly but could not change BMI 8) , and that BMI in middle-aged workers had a weak association with somatological factors 24) . In the treatment group, we found that mean SBP and DBP in the reference were significantly higher than those in the intervention, and that SBP and DBP in the reference decreased more significantly than in the intervention. These findings might indicate that BP was affected more strongly by drug treatment than by the program, but some studies showed an improvement in BMI and BP after worksite health promotion programs 5, 7) . Further study should investigate the long-term effectiveness of a worksite health promotion program on body weight and blood pressure through behavior in middle-aged and older workers.
Rollnick 10) suggested that the limit to health promotion lay in the paradox that "a measure which brings large benefits to the community offers little to the participating individual" and it is important to understand that readiness to change beliefs or habits is usually the product of inner change combined with the external opportunity to consider practical alternatives at a time and pace appropriate to each person.
In the interview-based health promotion, an occupational health nurse interviewed all employees to help in changing belief and behavior, in other words, to make workers ready to change at a pace appropriate to each employee by using open-ended questions, which Rollnick indicated were more effective than advisegiving 15) . We believe that the critical keys to the success of the program were three factors. The first was the same occupational health nurse giving to all employees an interview helping to change employees' belief or behavior. Second, the program was supported by the superiors who encouraged their staff to participate in the program. Third, the employer permitted the occupational health nurse and the superiors to provide an interviewbased health promotion program. Other studies suggested that the critical keys to performing health promotion activities and improved health promotion were occupational health nurses and safety and health supervisors at Japanese worksites 25, 26) . The barriers to implementation of worksite health promotion programs in small-scale enterprises were the lack of health personnel and budgetary restrictions 27) , but this interview-based promotion program was actually performed in a small-scale company. The interview helping all employees to change their behavior was carried out by one occupational health nurse and it was a necessary component of the program. Our study may suggest the future direction of worksite health promotion programs in Japanese small-scale companies.
The present study had a non-randomized and quasiexperimental design. While the intervention company did not carry out exactly the same work as the reference company, both were of the same size and located in the same area, so we can reasonably conclude that they had similar organizational and financial characteristics and would have undergone similar economical and organizational changes in the period from 1993 to 1997.
The present study also had other limitations. We were unable to collect data on workers' lifestyles in the subject companies, and to completely remove the difference between a healthy worker effect 28) in the intervention company and that in the reference. Further study should investigate the effect of a worksite health promotion program, by using data including workers' lifestyles and considering the healthy worker effect on subject companies.
We were unable to remove a selection bias completely. The reference company had younger workers with significantly high DBP and the older workers with significantly higher age and T-cho than the intervention company. These findings might have the potential to underestimate the relationship between the interviewbased health promotion program and cardiovascular risk factors. Further study should investigate the relationship between them by adjusting for the effect of drug treatment.
The degree of change (∆) employed as an outcome measure had a limitation. ∆ was dependent on the initial value. We were unable to remove the effect of the initial data completely, although the initial value was adjusted by ANCOVA. Further study should measure the outcome of a health promotion program by matching the initial data in the intervention group with those in the reference group.
In conclusion, our results showed that an interviewbased health promotion program had the potential to have a favorable effect on cardiovascular risk factors for employees in a Japanese small-scale company. In the younger group, the program improved BMI and SBP. In the older group, it improved T-cho, HDL, AST, ALT and GGTP.
